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Abstract

Background: Sarcopenia and sarcopenic obesity (SO) have a greater impact on the elderly. This study aimed to
explore whether there were sex differences in the prevalence and adverse outcomes of sarcopenia and SO in
community-dwelling elderly individuals in East China.

Methods: This was a cross-sectional study that enrolled 213 males and 418 females aged > 65 years. Demographic
characteristics, body composition, hand grip, gait speed, and indices of glucose and lipid metabolism were
collected. Sarcopenia and SO were diagnosed using the Asian Working Group for Sarcopenia criteria.

Results: (1) The prevalence of sarcopenia was 19.2% in males and 8.6% in females. The prevalence of SO was 7.0%
in males and 2.4% in females. (2) In males, the odds ratios (ORs) of osteoporosis and dyslipidemia in the SO group
were 4.21-fold and 4.15-fold higher than those in the normal group, respectively. In females, the ORs of
osteoporosis and hyperglycemia in the SO group were 1.12-fold and 4.21-fold higher than those in the normal
group.

Conclusions: Males were more likely to be sarcopenic and to have SO than females using the AWGS criteria.
Females with SO were more likely to have higher blood glucose, whereas males with SO were more likely to have
osteoporosis and dyslipidemia.
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Background
Asia is the fastest aging region in the world, and China
has the largest elderly population in Asia. Therefore,
aging-related diseases, such as sarcopenia, will have a
greater impact on Chinese elderly individuals than on
those in other countries. The term sarcopenia, first

described by Rosenberg in 1989, was initially used to de-
scribe aged-related loss of lean body mass [1]. Sarcope-
nia is considered to be associated with many adverse
outcomes, such as increased risk of falls and fractures,
impaired cardiopulmonary performance, disability, and
mortality [2]. Furthermore, recent studies have reported
specific features of sarcopenia characterized by excess
body fat and reduced muscle mass and strength, which
have been termed “sarcopenic obesity” (SO) [3]. Greater
attention should be paid to people with SO because they
are at higher risk for adverse outcomes, including meta-
bolic diseases, cardiovascular diseases and a significant
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increase in mortality, than those with pure sarcopenia
[4].
Our previous studies and other studies have shown

that elderly males have more muscle mass than elderly
females, but their muscle deterioration is faster, while
elderly females have more fat mass [5–8]. Moreover, this
sex difference in the change in muscle mass and fat mass
has a different impact on bone mineral density (BMD)
and hip geometric structure. To date, it remains unclear
whether this difference in body composition with age be-
tween males and females leads to sex differences in SO,
which is characterized by a combination of muscle de-
generation and increased fat. The aims of this study
were (1) to compare the prevalence of sarcopenia and
SO in elderly males and females in a community-
dwelling elderly population in East China; (2) to explore
whether the changes in muscle mass and fat mass be-
tween the SO subjects and normal subjects had sex dif-
ferences; and (3) to explore whether there are sex
differences in adverse clinical events related to SO, in-
cluding osteoporosis, hyperglycemia, and dyslipidemia.
Our study is unique in the following three aspects.

First, only three studies have been published regarding
SO in China [9–11]; two were performed in males, and
the other was performed in females. However, both
sexes were compared in our study. Second, none of the
three studies used the Asian Working Group for Sarco-
penia (AWGS) obesity definition. There are currently at
least six diagnostic criteria developed by international
groups, such as the European Working Group on Sarco-
penia in Older People (EWGSOP) [12] the AWGS [13],
the International Working Group on Sarcopenia [14],
and the Foundation for the National Institutes of Health
Sarcopenia Project [15]. It is clear that the prevalence
and related adverse outcomes vary when using different
diagnostic criteria. The universal perspective is that the
diagnostic criteria proposed by the AWGS are more
suitable for the Asian population because the cut-off
values are based on published data from Japan, Korea,
China, Malaysia, and other countries. Therefore, the
AWGS diagnostic criteria were used in our study. Third,
we performed a close examination of adverse outcomes
related to SO in both sexes to determine the sex-specific
influence.

Methods
Subjects
We recruited community-dwelling older adults from the
ZHOUJIAQIAO Community, Shanghai, China between
April 2016 and March 2017. The inclusion criteria were
being 65–89 years of age, living in the community, and
having the ability to walk independently. Subjects with
the following conditions were excluded: (1) severe cogni-
tive impairment; (2) a history of hyperlipidemia, diabetes

mellitus, severe renal or hepatic disease; (3) use of medi-
cations that might affect bone metabolism, glucose me-
tabolism or lipid metabolism; (4) implanted pacemakers;
and (5) clinically visible edema that could alter the bio-
electrical impedance analysis (BIA) results. This study
protocol and procedures were approved by the ethics
committee of the hospital (No: 2014 K004). Written in-
formed consent was obtained from all participants in-
cluded in the study.

Collection of basic information and anthropometric
measurements
All participants completed a questionnaire that included
questions regarding age, sex, physical exercise (> 3 times
per week for > 30 min each time), dairy intake (average
daily milk consumption ≥250 ml), and medical history.
Height was measured using a stadiometer to the nearest
0.01 m. Body weight was measured with a standard bal-
ance beam scale to the nearest 0.1 kg. Body mass index
(BMI) was calculated as body weight divided by the
square of the height (kg/m2).

Muscle mass and fat mass measurements
Muscle mass was measured by BIA using the Inbody720
(Biospace Corp., Seoul, Korea). Whole-body impedance
was measured using an ipsilateral foot-hand electrical
pathway. Subjects were required to fast for 4 h and ab-
stain from alcohol for 8 h prior to the test. Appendicular
skeletal mass (ASM) was defined as the sum of the lean
soft tissue masses of the arms and legs. The ASM was
adjusted using the appendicular skeletal muscle index
(ASMI = ASM/height2) as described by Tanimoto [16].

Measurement of hand grip strength
Hand grip strength was measured three times with a
Jamar mechanical dynamometer on the dominant hand,
and the highest value was used in the analysis, as de-
scribed by Schlüssel [17]. Respondents were asked to
squeeze the dynamometer with each of their hands as
hard as possible. Grip force was recorded in kg. The per-
centile distribution of handgrip strength was calculated
according to sex and age categories.

Measurement of bone mineral density and the definition
of osteoporosis
The BMD of the lumbar spine (L2–4) and the left total
hip were measured with a dual-energy X-ray absorpti-
ometry densitometer (DXA, Hologic Delphi A; Hologic
Inc., Methuen, MA, USA). The precision error in our la-
boratory was 0.86% for the lumbar spine BMD and
1.86% for total hip BMD. The densitometer was stan-
dardized with a standard phantom before each measure-
ment. Osteoporosis was defined at the spine and the hip
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separately using the T-score. Osteoporosis was defined
as a T-score less than − 2.5 for either site.

Laboratory measurements
All blood samples were obtained in the morning after a 10-
h overnight fast and were stored immediately at − 80 °C for
subsequent assays. Serum procollagen type 1 amino-
terminal propeptide, crosslaps, and 25-hydroxyvitamin D
were determined enzymatically using a chemistry analyzer
(Elecsys 2010; Roche, Manheim, Germany). A glucose oxi-
dase method was used to measure plasma glucose. Glycated
hemoglobin (HbA1c) levels were assessed by a point-of-
care HbA1c analyzer (Siemens DCA Vantage 3000). Chol-
esterol, triglycerides, high-density lipoprotein-cholesterol
(HDL-C), and low-density lipoprotein-cholesterol (LDL-C)
were measured in fasting blood samples using a Roche
Cobas 8000 analyzer with standard automated enzymatic
methodology.
Hyperglycemia was defined as fasting blood glucose

> 6.1 mmol/L and a HbA1c level > 6.0%.
Dyslipidemia was defined as the presence of one or

more of the following abnormal lipid profiles: hyperchol-
esterolemia, hypo-HDL-cholesterolemia, hyper-LDL-
cholesterolemia, or hypertriglyceridemia, according to
the 2016 Chinese guidelines for the management of dys-
lipidemia in adults [18]. Hypercholesterolemia was de-
fined as a TC level ≥ 6.2 mmol/L from a fasting blood
test. HDL-C levels ≤1.0 mmol/L were defined as hypo-
HDL-cholesterolemia. Hyper-LDL-cholesterolemia was
defined as LDL ≥ 4.1 mmol/L. Hypertriglyceridemia was
defined as a TG level ≥ 2.3 mmol/L.

Physical performance
Gait speed was used to evaluate physical functioning;
subjects walked at their usual speed with a static start
without deceleration along a 6-m straight line in an
examination room that was more than 8m in length.
The time was measured by the same trained study inves-
tigator. Low physical performance was defined as ≤0.8
m/s according to the AWGS definition [13].

Definitions of sarcopenia and sarcopenic obesity
Sarcopenia was defined according to the AWGS criteria,
which requires the presence of both low muscle mass
and low muscle function (muscle strength or physical
performance). The cut-off points for diagnosis were as
follows. (1) Low muscle mass defined as an ASMI less
than two standard deviations below the sex-specific nor-
mal mean of a younger reference group. According to
our previous study, the cutoff values were 6.66 kg/m2 for
males and 5.24 kg/m2 for females [19]; (2) Low muscle
strength was defined as the lower 20% of handgrip
strength in the study population with cutoff values of
24.8 kg/m2 for males and 15.0 kg/m2 for females; and (3)

Poor physical performance was assessed by the 6-m walk
test. Subjects with gait speeds < 0.8 m/s were considered
to have poor physical performance. SO was the combin-
ation of sarcopenia and obesity. Participants were classi-
fied as obese if their percentage of body fat was above
the 60th percentile of the present study sample of the
same sex, which corresponded to 27.2% for males and
35.9% for females.

Statistical analysis
Statistical analyses were carried out using SPSS software
(version 20.0; SPSS Inc., Chicago, IL, USA). Data are
expressed as the mean ± standard deviation, median and
interquartile range (25–75%), or as a percentage. Differ-
ences between 4 groups were determined by ANOVA
(continuous variables) and the chi-square test (categor-
ical variables), where appropriate. To assess the risks of
osteoporosis, hyperglycemia, and dyslipidemia based on
different indices of SO, odds ratios (ORs) and 95% confi-
dence intervals (CIs) were obtained from logistic regres-
sion models after controlling for age. A P-value < 0.05
was considered significant. All statistical results were
based on two-sided tests.

Results
The prevalence of sarcopenia and sarcopenic obesity in
community-dwelling elderly individuals in Shanghai
A total of 213 males and 418 females aged > 65 years were
enrolled from the Zhoujiaqiao community in Shanghai.
The prevalence of sarcopenia was 19.2% (41/213) in males
and 8.6% (36/418) in females. The prevalence of SO was
7.0% (15/213) in males and 2.4% (10/418) in females, as
shown in Fig. 1. Males were more likely to be sarcopenic
than females (sarcopenia: OR = 2.52, 95% CI = 1.56–4.10,
SO: OR = 3.10, 95% CI = 1.36–7.00).
The prevalence of sarcopenia increased with age in

both sexes (Fig. 2). The prevalence rates of pure sarcope-
nia and SO in males aged > 80 years were 35.1 and
13.5% and in females were 15.4 and 5.1%, respectively.
In addition, the prevalence of sarcopenia in males aged
70–74 years increased significantly compared with that
in males aged 65–69 years. Subsequently, the prevalence
continued to increase with age, but the increasing trend
became flat. The prevalence of sarcopenia clearly in-
creased in females aged 75–79 years. Moreover, the
prevalence of pure sarcopenia and SO in females was
lower than that in males in all age groups. In addition,
the proportion of obese people (obesity and SO) in all
age groups > 65 years was mostly stable.

Characteristics of the subjects by sarcopenia and obesity
status
We classified the subjects into four sarcopenia/obesity
groups according to the levels of muscle mass/muscle
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function and total body fat percentage. The four groups
included SO, obesity (with normal muscle), sarcopenia
(with normal body fat), and normal body fat and muscle,
as shown in Table 1.
The purely obese group had the highest BMD in the

lumbar spine and hip among the four groups. The BMD
of the male SO group was lower than that of the obesity
and normal groups. The BMD of the elderly female SO
group was similar to that of the normal group, which
was higher than that of the purely sarcopenic group.
The SO group of females had the highest fasting blood

glucose and HbA1c levels among the four groups,
whereas fasting blood glucose in the male SO group was
lower than that in the purely obese group but higher
than that in the pure sarcopenia and normal groups.
Serum cholesterol and LDL cholesterol levels were

higher in the SO group than in the other three groups in
both sexes. Among females, the normal group per-
formed more physical exercise than the other 3 groups.

No significant difference was observed in bone turnover
markers between the SO group and the other three
groups.

The rate of change in ASM and fat mass (FM) between
the SO and normal groups in both sexes
The mean ASM in the SO group decreased by 34.7% in
males and by 24.8% in females compared with that in
the normal group, while FM in the SO group increased
9.6% in males and 43.8% in females, as shown in Table 2.
Therefore, the rate of change in ASM/FM between the
SO group and the normal group decreased 40.0% in
males and 48.4% in females.

Comparison of the odds ratios of osteoporosis,
hyperglycemia, and dyslipidemia between the SO group
and the other groups
The ORs of osteoporosis, hyperglycemia, and dyslipid-
emia in the SO group and the other groups are shown in

Fig. 1 Study profile using the AWGS criteria
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Table 3 and Fig. 3. Obese subjects were less likely to de-
velop osteoporosis than the subjects in the normal
group. However, the OR for osteoporosis was elevated in
the pure sarcopenia group. In males, the OR of osteo-
porosis in the SO group was 2.83-fold higher than that
in the normal group. In females, the OR of osteoporosis
in the SO group was slightly higher than that in the nor-
mal group.
In females, the OR of hyperglycemia in the purely

obese group and the SO group were 3.99-fold (OR =
3.99, 95% CI = 1.02–5.61) and 5.65-fold (OR = 5.65, 95%
CI = 1.89–17.25) higher than that in the normal group.
The OR of hyperglycemia in the SO and purely obese
groups of males was similar to that in the normal group.
In addition, the OR of dyslipidemia in the pure sarco-

penia group of males was similar to that in the normal
group. However, in elderly males, the ORs in the purely
obese group and the SO group were 3.32-fold (OR =
3.32, 95% CI = 1.33–9.28) and 4.15-fold (OR = 4.15, 95%
CI = 1.55–19.20) as high as that in the normal group. No
increase was observed in the ORs of the purely obese
and SO groups of females.

Discussion
This cross-sectional study was performed to explore sex
differences in the prevalence of sarcopenia and SO and

in the clinical adverse outcomes related to SO. Our find-
ings demonstrate that the prevalence rates of sarcopenia
and SO were 19.2 and 7.0% in elderly males and 8.6 and
2.4% in elderly females, respectively, in the Shanghai
community using the AWGS criteria. The currently
available literature is unclear regarding sex differences in
the prevalence of sarcopenia and SO in China. Kim re-
ported that subjects diagnosed with sarcopenia and SO
among a sample of 526 community-dwelling individuals
aged > 60 years were more likely to be male [20].
Hashemi and Wu also reported that male sex was inde-
pendently associated with sarcopenia in community-
dwelling older individuals in Iran and Taiwan [21, 22].
Other studies have reported a higher prevalence of SO
in elderly males than in females [23]. The potential
mechanisms leading to the sex difference in the preva-
lence of sarcopenia and SO include (1) males tend to
lose muscle mass gradually with age, but the decline in
muscle mass with age is insignificant or only slightly sig-
nificant in females [24]. Muscle mass and function
clearly decrease during the early stages of menopause
because of the significant decrease in estrogen [25].
However, with further aging, testosterone and insulin-
like growth factor-1 levels in males decrease signifi-
cantly, resulting in rapid loss of muscle mass and
strength, which greatly increase the risk of sarcopenia in

Fig. 2 Prevalences of Sarcopenic-obesity sarcopenia, obesity by age in the community elderly in Shanghai (a: males b: females)
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elderly males [26]; (2) although the AWGS recom-
mended using height-adjusted skeletal muscle mass in-
stead of weight-adjusted skeletal muscle mass to
diagnose sarcopenia, several studies have suggested that

low muscle mass identified by a weight-adjusted muscle
index was more suitable for overweight and obese
people [27]. Therefore, the height-adjusted definition
would underestimate the prevalence in females, who lose

Table 1 Anthropometric and biochemical parameters among groups with SO, obesity, or sarcopenia in both sexes

Sex SO Obesity Sarcopenia Normal P

Age (years) M 75.3 ± 6.1a 73.3 ± 7.4 a 73.8 ± 8.2 a 71.6 ± 9.1 a 0.343

F 71.4 ± 5.4 a 67.2 ± 7.3 a 72.4 ± 7.7 a 68.1 ± 8.1 a 0.175

Physical exercise (%) M 33.3 a 37.1 a 38.5 a 43.1 a 0.811

F 30.0 b 25.4 b 30.8 b 49.3 a 0.000

Dairy intake (%) M 26.6 a 27.1 a 30.8 a 28.4 a 0.986

F 30.0 a 28.0 a 34.6 a 32.9 a 0.741

BMI (kg/m2) M 23.5 ± 2.0 b 26.4 ± 2.4 a 21.0 ± 2.3 b 23.0 ± 2.6 b 0.000

F 23.9 ± 1.7 b 26.3 ± 3.3 a 18.8 ± 1.5 d 21.8 ± 2.1 bc 0.000

Total body fat percentage (%) M 31.3 ± 2.7 a 31.1 ± 2.9 a 21.7 ± 6.7 b 22.4 ± 4.3 b 0.000

F 43.2 ± 5.0 a 39.8 ± 3.6 a 28.4 ± 4.9 b 29.8 ± 4.7 b 0.000

ASMI (kg/m2) M 5.84 ± 0.56 b 7.74 ± 0.59 a 6.39 ± 0.53 b 7.69 ± 0.65 a 0.000

F 4.48 ± 0.98 b 6.41 ± 0.68 a 4.96 ± 0.23 b 6.19 ± 0.63 a 0.000

Hand grip (kg) M 24.2 ± 4.7 b 36.9 ± 7.7 a 26.7 ± 5.9 b 33.8 ± 6.7 a 0.002

F 18.6 ± 5.5 ac 19.0 ± 4.8 ab 16.3 ± 5.5 bc 20.3 ± 5.0 a 0.001

Spine BMD (g/cm2) M 0.92 ± 0.15 b 1.07 ± 0.19 a 1.00 ± 0.17 a 0.99 ± 0.16 a 0.035

F 0.82 ± 0.12 b 1.04 ± 0.16 a 0.68 ± 0.16 c 0.83 ± 0.16 b 0.001

Hip BMD (g/cm2) M 0.81 ± 0.13 b 1.03 ± 0.12 a 0.77 ± 0.12 b 0.89 ± 0.10 b 0.003

F 0.73 ± 0.11 b 0.89 ± 0.13 a 0.61 ± 0.15 c 0.76 ± 0.13 b 0.015

PINP M 29.8 ± 9.9 a 36.9 ± 10.4 a 38.6 ± 15.6 a 34.5 ± 12.4 a 0.884

F 46.4 ± 11.1 a 51.7 ± 12.3 a 51.7 ± 19.2 a 50.2 ± 17.7 a 0.975

β-CTX M 293 ± 116 a 316 ± 121 a 355 ± 161 a 273 ± 148 a 0.403

F 449 ± 117 a 415 ± 137 a 495 ± 145 a 448 ± 195 a 0.525

25OHD M 18.6 ± 5.8 a 21.0 ± 7.6 a 19.6 ± 4.3 a 22.0 ± 7.7 a 0.484

F 21.0 ± 5.5 a 18.3 ± 6.4 a 22.4 ± 5.1 a 22.1 ± 7.0 a 0.161

Fasting glucose (mmol/L) M 5.33 ± 0.57 a 5.65 ± 1.12 a 5.12 ± 0.52 a 5.30 ± 0.98 a 0.656

F 6.14 ± 0.53 a 5.88 ± 0.63 ab 4.86 ± 0.45 c 5.23 ± 0.64 bc 0.001

HbA1C (%) M 5.30 ± 0.59 a 5.80 ± 0.44 a 5.09 ± 0.69 a 5.16 ± 0.49 a 0.324

F 6.23 ± 0.66 a 6.01 ± 0.61 a 5.11 ± 0.71 b 4.91 ± 0.48 b 0.011

Total cholesterol (mmol/L) M 6.4 (5.41–7.12) a 5.90 (4.95–6.99) ab 5.55 (4.35–6.22) bc 5.33 (4.52–5.61) c 0.012

F 6.11 (5.82–6.78) a 5.65 (5.11–6.52) a 5.17 (4.88–6.19) b 5.78 (5.21–6.51) a 0.023

Triglycerides (mmol/L) M 2.40 (1.3–2.6) a 2.47 (1.98–2.88) a 1.60 (1.13–2.21) b 1.63 (1.21–2.38) b 0.021

F 1.68 (1.12–2.11) a 1.88 (1.49–2.62) a 1.78 (1.41–2.58) a 1.63 (1.18–2.18) a 0.523

HDL cholesterol (mmol/L) M 1.50 (1.28–1.70) ab 1.09 (0.81–1.36) b 1.75 (1.49–1.88) a 1.26 (0.99–1.48) b 0.045

F 1.86 (1.58–2.49) a 1.70 (1.32–2.28) a 1.79 (1.33–2.25) a 1.86 (1.55–2.41) a 0.899

LDL cholesterol (mmol/L) M 4.12 (3.23–4.71) a 3.64 (2.60–3.91)ab 2.99 (2.38–3.37) ab 2.82 (2.48–3.40) b 0.011

F 3.61 (3.03–4.21) a 3.13 (2.89–3.81) a 3.02 (2.54–3.88) a 3.11 (2.69–3.72) a 0.723

Speed (m/s) M 0.82 ± 0.31 b 1.03 ± 0.21 ab 0.90 ± 0.29 b 1.12 ± 0.22 a 0.006

F 0.79 ± 0.22 b 0.89 ± 0.29 ab 0.82 ± 0.21 b 1.09 ± 0.27 a 0.044

Notes: Values in a row with different superscript letters are significantly different, p < 0.05. From a to d, the mean value or the median value decreased
Abbreviations: BMI body mass index, ASMI appendicular Skeletal Mass Index, BMD bone mineral density, PINP procollagen type 1 amino-terminal propeptide,
CTX crossLaps
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height much more during aging and have higher adipos-
ity than males. In fact, Soo reported that the prevalence
of SO in males was higher than that in females with sar-
copenia defined by the ASM/height2, while the preva-
lence of SO in males was lower than that in females
with sarcopenia defined by the ASM/weight [28]. How-
ever, Gao and Volpato reported a higher risk of

sarcopenia in females among community-dwelling eld-
erly adults [29, 30]. These inconsistent results may be
due to differences in racial characteristics, cultural back-
grounds, dietary patterns, and physical activity among
the different studies.
In our study, participants were classified as obese if

their percentage of body fat was above the 60th percent-
ile among the study sample for the same sex. Therefore,
40% of subjects in both sex groups were considered
obese in our study. Figure 2 shows that the proportion
of obese people (obesity and SO) in all age groups > 65
years was basically stable, and there was no significant
fluctuation. One of our early studies that included 2234
participants aged 21–96 years, reported that fat mass in-
creases significantly during the perimenopausal period
(41–50 years old) in females. Subsequently, the fat mass
continues to increase, but the trend is flat. Fat is the
main organ responsible for estrogen production and
maintains estrogen at a certain level after menopause.

Table 2 Rate of change in ASM and FM between the normal
group and the SO group in both sexes

Normal group SO group Rate of change

Male ASM (kg) 21.3 ± 2.7 13.9 ± 2.4 −34.7%

FM (kg) 14.6 ± 3.6 16.0 ± 1.9 + 9.6%

ASM/FM 1.45 0.87 −40.0%

Female ASM (kg) 15.1 ± 1.9 11.3 ± 3.0 −24.8%

FM (kg) 16.2 ± 3.2 23.3 ± 2.8 + 43.8%

ASM/FM 0.93 0.48 −48.4%

ASM appendicular Skeletal Mass, FM fat mass

Table 3 Odds ratio from logistic regression models predicting osteoporosis, hyperglycemia, and dyslipidemia based on SO group,
sarcopenia group, and obesity group adjusted for age

Characteristics B SE Wald’sχ2 df Odds ratio P value

Male

Osteoporosis SO 1.04 1.12 0.86 1 2.83 (0.56–9.82) 0.653

Purely sarcopenia 1.43 0.65 4.84 1 4.21 (1.32–13.25) 0.039

Obesity −0.40 0.21 3.64 1 0.67 (0.07–0.82) 0.048

Normal 1.00(reference)

Hyperglycemia SO −0.12 1.12 0.01 1 0.89 (0.27–3.01) 0.916

Purely sarcopenia −0.02 0.26 0.01 1 0.98 (0.54–4.15) 0.843

Obesity 0.60 0.79 0.58 1 1.82 (0.62–4.28) 0.594

Normal 1.00(reference)

Dyslipidemia SO 1.42 0.73 3.78 1 4.15 (1.55–19.20) 0.049

Purely sarcopenia 0.22 0.42 0.27 1 1.24 (0.47–4.29) 0.612

Obesity 1.20 0.58 4.28 1 3.32 (1.33–9.28) 0.041

Normal 1.00(reference)

Female

Osteoporosis SO 0.11 1.21 0.01 1 1.12 (0.15–5.89) 0.941

Purely sarcopenia 2.23 0.93 5.76 1 9.32 (2.54–32.17) 0.032

Obesity −0.84 0.43 3.85 1 0.43 (0.12–0.77) 0.044

Normal 1.00(reference)

Hyperglycemia SO 1.73 0.76 5.19 1 5.65 (1.89–17.25) 0.035

Purely sarcopenia −0.04 0.19 0.04 1 0.96 (0.63–3.78) 0.872

Obesity 1.38 0.71 3.79 1 3.99 (1.02–5.61) 0.045

Normal 1.00(reference)

Dyslipidemia SO 0.81 1.25 0.42 1 2.25 (0.39–18.12) 0.482

Purely sarcopenia −0.58 0.46 1.59 1 0.56 (0.23–1.38) 0.208

Obesity −0.11 0.82 0.02 1 0.90 (0.18–14.46) 0.897

Normal 1.00(reference)

Abbreviations: SO sarcopenic obesity
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Therefore, as a compensatory mechanism, fat mass in-
creases significantly during perimenopause and is main-
tained at a high level thereafter. As a result, the cutoff
point for obesity among females was higher than that
among males (35.9% vs. 27.2%). In addition, the propor-
tion of subjects with normal body composition gradually
decreased with age, while the proportion of subjects with
sarcopenia and SO gradually increased, suggesting that
muscle degeneration was the main body composition
change that accompanied aging. However, muscle de-
generation was faster in males than in females. One
quantitative review showed that in people older than 75
years, muscle mass decreased at a rate of 0.8–0.98% per
year in males and 0.64–0.70% per year in females [31].
In addition, muscle strength was lost faster in males
than in females, which decreased at a rate of 3–4% per
year in males and 2.5–3% per year in females [31]. The
causes that lead to the reduction in lean mass in males
more rapidly are unclear. However, insulin-like growth
factor 1 (IGF-1) may play an important role. IGF-1 is
one of the common factors regulating muscle growth
and repair. The IGF-1 level does not change with aging
in females aged 65 years. Nevertheless, IGF-1 showed
age-related decrease in elderly males, especially in those
aged 85 years [32]. Another possible cause may be the
limitation of measurements. DXA and BIA may not
identify the intramuscular lipid infiltration and overesti-
mated the muscle mass in obese people. Therefore, in
elderly females with higher adiposity, DXA or BIA may
overestimated their muscle mass.
Our results also show that elderly subjects with dif-

ferent body composition characteristics had different
risks of osteoporosis, hyperglycemia, and dyslipidemia.
According to previous studies, the obese population
has a higher BMD and a lower risk of bone fracture;
thus, they are not prone to developing osteoporosis
[33]. Therefore, obesity has always been considered a
protective factor for the skeleton. Our data suggest

that the highest BMD was found in the lumbar verte-
brae and hip of the purely obese group, and the low-
est risk for osteoporosis was thereby indicated. BMD
was significantly lower in the obese individuals with
sarcopenia than in the purely obese group, indicating
that muscle (but not fat) is the main protective factor
for the skeleton. This conclusion has been verified by
our preliminary study and previous studies [5, 6, 34].
Moreover, the blood glucose level increased signifi-
cantly in the obese female population; the risk for
hyperglycemia was higher in the SO group than in
the purely obese group (ORs: 5.65 vs. 3.99). Sri-
kanthan reported that muscle mass, independent of
obesity, is significantly correlated with glucose meta-
bolic disorders; a low muscle mass is a risk factor for
early diabetes [35]. Muscle mass, muscle strength, and
muscle function are all affected in diabetes, and the
decrease in muscle mass and strength is positively
correlated with the course of diabetes and HbA1c
[36, 37]. In addition, our study also revealed that the
risk of dyslipidemia in the SO group was not only
higher than that in the sarcopenia group (OR: 4.15
vs. 1.24) but also higher than that in the purely obese
group (OR: 4.15 vs. 3.32). Obesity is an important
cause of dyslipidemia. However, the combination of
obesity and muscle loss results in a higher risk of
dyslipidemia. Several studies have reported a close
correlation between SO and dyslipidemia. One study
from Korea showed that the ORs of dyslipidemia in-
creased by 1.12 and 1.50 in the sarcopenia and SO
groups, respectively, compared with the values of a
nonsarcopenia group [38]. Another study that in-
cluded 1231 men aged > 70 years reported that serum
triglyceride levels were higher in patients with SO
than in those with pure sarcopenia and nonsarcopenic
nonobesity [39]. The underlying mechanism may be
related to insulin resistance [40] and the release of in-
flammatory cytokines [41].

Fig. 3 Odds ratio for predicting osteoporosis, hyperglycemia, and dyslipidemia based on SO group, sarcopenia group, and obesity group
adjusted for age
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Notably, this study showed that the clinical outcomes
of SO varied with sex. The following results in SO fe-
males were observed compared with those in SO males:
a significantly higher risk for hyperglycemia (OR: 5.65
vs. 0.89) and lower risks for osteoporosis (OR: 1.12 vs.
2.83) and dyslipidemia (OR: 2.25 vs. 4.15). These results
may be related to the different body composition
changes in males and females. Our results in Table 2
show that males with SO had a 34.7% decrease in appen-
dicular skeletal muscular mass and a 9.6% increase in
FM compared with the same parameters of the partici-
pants in the normal group, indicating a larger change in
muscle mass than in FM. Females with SO had a 24.8%
decrease in appendicular skeletal muscular mass but a
43.8% increase in FM, indicating a larger change in FM
than in muscle mass. These data suggest that the occur-
rence of SO in males may be mainly related to a decline in
muscle mass and that it may be mainly related to a fat in-
crease in females. Both muscle mass and strength of males
were greater than those of females, but the decrease in
muscle mass and muscle strength of elderly males was sig-
nificantly quicker than that of elderly females [31]. Ac-
cording to our studies and other studies, males suffer
higher morbidity rates from SO than females [7, 8, 23]. Fe-
males have more FM and abdominal fat mass than males.
Because of the cross-sectional nature of this study, we can
only speculate from the available data that females with
SO may have been initially obese and not sarcopenic. A
cohort study performed by Baumgartner showed that the
age-related increase in FM generally precedes the loss of
muscle [42]. Another study in postmenopausal females
showed that a higher BMI is a risk factor for loss of
muscle mass [43]. In the present study, the cause of SO
was different between males and females, leading to sex
differences in adverse outcomes related to SO. Adverse
outcomes were not only associated with muscle loss but
also with an increase in fat. In our previous studies, we
showed that FM had a positive effect on the skeleton in
elderly subjects but that the effect was weaker than that of
muscle mass [5, 6]. Therefore, the risk of osteoporosis in
females with SO with more fat was lower than that in
males. In addition, current studies have reported that ei-
ther excess fat or reduced muscle can increase insulin re-
sistance, thereby increasing the risk of diabetes and
dyslipidemia. However, few studies have directly com-
pared the effects of fat and muscle on diabetes mellitus or
dyslipidemia. The present study found that females with
SO with more FM were more likely to have higher blood
glucose. Kawanabes reported that ASM/FM is positively
correlated with the insulin sensitivity index. Our results
show that the ASM/FM ratio of males with SO was higher
than that of females (0.87 vs. 0.48), suggesting that females
with SO have worse insulin sensitivity and therefore are
more likely to have a higher blood glucose level.

Moreover, males with SO with significant muscle deterior-
ation were more likely to have dyslipidemia. Korean
scholars also reported that SO is associated with an in-
creased risk for dyslipidemia compared with the risk asso-
ciated with sarcopenia or obesity alone in males. These
results indicate that other factors besides insulin resistance
affect dyslipidemia in elderly subjects with SO, such as sex
hormones. Further studies are needed.
This study had some limitations. First, this study was

cross-sectional; thus, it has a limited ability to show
causal relationships. Second, all elderly subjects enrolled
in this study were relatively healthy and had the ability
to complete the various tests in this study; some subjects
who could not complete the activities were not enrolled,
which may have introduced bias in the data. Third, the
subjects were not confirmed to be diabetic by an OGTT.
Only a combination of an increase in blood glucose
based on a single detection in fasting blood and HbA1C
level was evaluated; thus, the diabetes risk data in the
SO population were not obtained directly. Finally, al-
though BIA is a commonly used and feasible tool that is
recommended by the AWGS and EWGSOP for commu-
nity sarcopenia assessment, the use of BIA is not the
best system to investigate the body composition in the
elderly population that tends to be generally dehydrated
[44]. Therefore, the muscle mass measured by BIA may
be underestimated in the elderly because of inadequate
hydration.

Conclusion
In conclusion, we first examined the sex differences in
the prevalence and adverse outcomes of sarcopenia and
SO in community-dwelling elderly subjects living in East
China. Three main findings emerged. First, the preva-
lence rates of sarcopenia and SO were 19.2 and 7.0% in
elderly males and 8.6 and 2.4% in elderly females, re-
spectively, using the AWGS criteria. Muscle degener-
ation, compared with an increase of FM, was the main
body compositional change in subjects > 65 years. Males
were more likely to be sarcopenic or SO than females
based on the AWGS criteria. Second, males in the SO
group had a greater change in the ASM/FM ratio than
females in the normal group, indicating that the cause of
SO is different between males and females. Our results
suggest that the occurrence of SO may be mainly related
to muscle decline in males and a fat increase in females.
Third, sex differences were observed in the clinical ad-
verse outcomes of SO, such as osteoporosis, hypergly-
cemia, and dyslipidemia. Females with SO were more
likely to have higher blood glucose, whereas SO males
were more likely to have osteoporosis and dyslipidemia.
Therefore, different attention should be paid to the

different adverse outcomes related to SO in patients of
different sexes.
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